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Abstract — During this research, bacteria resistant to metals were evaluated in the soil of Isfahan Province.
According to the sampling locations the soils are classified as agricultural soils, non-agricultural soils and
sediments of the Zayanderood Riverbank. The bacteria resistant to lead (2 mM), copper (5 mM), cadmium
(0.5 mM) and arsenic (5 mM) were identified, and then during later stages, the minimum inhibitory
concentration (MIC) for the growth of the bacteria resistant to metals were determined. The dry cellular
weight and the metal uptake rate were also defined for the bacteria resistant to metals.
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1. INTRODUCTION

In recent decades, the discharge of industrial wastewater from different resources containing heavy metals has
resulted in a population increase of the resistant bacteria. This problem is considerably more common in
industrial areas in which the discharge of wastewater containing heavy metals into rivers has caused the heavy
metals to be sorbed by soil particles (especially clay) and transfer far distances from the discharging point. The
results of some studies show that, in the Zayanderood river, the concentration of heavy metalsin less settlable
particles such as clay, which can travel far distances down the river, is significantly higher in lower parts of the
river than the upper parts. This condition shows that, there is a direct relation between the discharge of
wastewater in this river and the pollution of river sediments [1, 2]. In addition, the findings of some other
researchers in other parts of Iran aso indicate that the rate of metal exhibition concentration (As, Ni, Cu,...)
exceeds the quality guidelines for the concentration of heavy metals in sediments [3]. Since soil is one of the
most important environments for microbes and is easily exposed to many pollutants, evaluating the effects of
pollutants on the microbia population is very valuable. Since the resistance of bacteria depends not only on
their type and environment, but also on physical factors such as the type and concentration of the substances,
the microorgani sms with significant resistance can reveal the condition of their environment [4, 5].

2. MATERIALSAND METHODS
2.1. Metals

The nitrates of lead, copper and cadmium and arsenic acid were used for the preparation of a stock
solution with 100 mM concentration [6].
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2.2. Sampling

The soil samples were collected from 42 points in Isfahan Province. All the soil samples were from
the surface (0-15 cm depth). Determination of soil grain size was achieved by sieving and pH of saturated
soil was conducted by pH-meter [7].

2.3. Soil analysis

Determination of heavy metals in soils was achieved by sieving and digestion of 2 mM dry samples
in 20 ml agua regia on a hot plate and dilution with distilled water to 100 ml final volume; after filtration
with wahtman 42 it was analyzed with an atomic absorption spectrophotometer (Philips PU 9100). Soil
texture was determined by sieving and the hydrometry method. The soil pH of the saturated soil was
determined by pH-meter (ES-14) and electrical conductance of soil was determined by a conductivity
meter (ES-14) [7, 8.

2.4. Bacteriological examination

At first, the total number of bacteria was determined in the soil samples using the SPC (Standard Plate
Count) method [8].

2.4.1. Culture medium

For Standard Plate Count, (SPC), nutrient agar media was used. Then the population of the bacteria
resistant to metals was defined using the PHG |l media with metals. The PHGII media used contained
pepton 4g, glucose 29, yeast extractlg, and agar 15g which were dissolved in1000 ml water and adjusted
at pH=7 until it was put in the autoclave [8]. In this study the concentration of 2 mM lead, 5 mM copper,
0.5 mM cadmium and 5 mM arsenic were used in order to compare with other performed researches [6].
The culture was used according to the standard method of the plate count in PHGII and then the plates
were kept in an incubator for 2-4 daysat 30° + 2 C [6].

2.4.2. Bacterial enumeration

The population of the resistant bacteria was counted and the percentage of the bacteria resistant to
either compound was defined. In the later stage the purification of the resistant bacteria was performed in
slant tubes containing metals [8, 9].

2.4.3. ldentification of bacteria

Identification of various resistant bacteria was performed with key biochemical tests and different
staining such as acid fast and gram staining. The resistance of the bacteria resistant to heavy metals has
been defined with the agar dilution method. For evaluating the resistance of the bacteria, different media
with different concentrations from each metal were prepared and then the bacteria cultured radialy in the
plate. The plates were then kept for 2 days in an incubator at 30°C. The absence of bacteria growth
indicated its sensitivity, while the presence of bacterial growth in this concentration indicated that bacteria
were resistant.

2.4.4. MIC determination

The MIC was defined as the minimum concentration of the metal, which inhibits the bacterial growth
inthe plate[7, 8, 10].

2.5. Determination of dry cellular biomass and metal uptake
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In order to measure the amount of metal uptake by the isolated resistant bacteria, the following
measures were conducted. At first, the dried biomass weight were determined and then inoculated in PHC
I media and incubated for 24 hoursin 30° C.

After incubation, the media were centrifuged at 200 rpm and the sediments washed by distilled water.
The biomasses were placed on preweighted sterile aluminium foil and put in an oven for 3 hours at 120°C
[6]. The biomass and aluminium foil as the container were then placed in a disiccator containing P,Os and,
after cooling, weighted and the dried cellular biomasses determined. The difference between the first
weight (aluminium foil and cellular mass) and the second weight (aluminium foil) was considered as
cellular biomass. In the second stage, in order to determine the bacterial metal uptake, the broth was added
to the PHGII medium and then it was centrifuged at the rate of 200 rpm for 24 hours at 30°C. Next, the
suspension was centrifuged at a rate of 7000 rpm for 10 minutes. After that, the samples were washed with
0.6 ml concentrated nitric acid and 0.25 ml sulphuric acid (75%).

In the next stage, 5ml of the metal solution with a specific concentration was added to the cellular
mass and kept for 20 minutes in the incubator at 30°C. Then the solution was centrifuged for 10 minutes at
a rate of 10000 rpm, and the floating part added to plastic dishes containing 1% nitric acid [3, 5, 8, 11].
The concentrations of metals uptake were determined with an atomic absorption spectrophotometer
(Phillips PU 9100). The metal uptake was determined based on the difference between the primary and
secondary concentrations [6, 8, 12-14].

3.RESULTS

3.1. Soil analysis

Study of soil samples indicated that, the agricultural soils had a loamy texture, but the textures of non-
agricultural soils were clayey, silt and loam. Since the increase of the clay fraction and organic carbon
would increase the ion exchange capacity of the soil, a higher ion exchange capacity would aso increase
the uptake of metal in soils[7].

3.2. Bacterial resistance

The results from metal resistant microbes indicated that, the highest percentage of resistance was in
agricultural soils (Table 1).The presence of lead has been confirmed in the analysis of these sails.

Table 1. Average percentage of the bacteriaresistant to metals

) Third group
Metal Firs group | Secondaroup | o) g seciment of
Agricultural sail Non agricultural soil .
Zayanderood river
Lead 47% 22% 31%
Copper 15% 5% 9%
Cadmium 56% 31% 53%
Arsenic 45% 20% 55%

3.3. Bacterial identification

The results of the identification of the resistant bacteria are shown in Table 2.

The results indicated that, the most abundant type of bacteria resistant to lead was Bacillus and
bacillus group B was more than other bacilli.
This condition was also true for the bacteria resistant to copper and arsenic

Winter 2007 Iranian Journal of Science & Technology, Trans. A, Volume 31, Number Al



10 R. Kasra Kermanshahi / et al.

Table 2. Different types of bacteria resistant to metals

Heavy Total number of | Resistant bacteria Type of resistant Number .of Strain resistant
metals k_JacterlaI to heavy metals bacteriaisolated genucesresistant | to heavy metal

isolated % to heavy metal %

Bacillus set A 2 5.2
Bacillus set B 14 36.8
Lead 38 10.4 Bacillusset C 7 18.4
Bacillus set D 1 2.6
Bacillus firmus 13 34.2

Corynebacterium 1 2.6
Bacillus set A 6 20.6
Bacillusset B 10 34.4
Bacillus firmus 6 20.6
Copper 29 8 Corynebacterium 4 13.7
Kurthia 1 34

Sporolactobacillus 1 34

Pseudomonas 1 34

Bacillusset B 4 9.3

Bacillusset C 3 6.9

Bacillus firmus 2 4.6

Corynebacterium 4 9.3

Cadmium 43 11.8 Kurthia 1 2.3
Sporolactobacillus 2 4.6

Nocardia 1 2.3
Lactobacillus 19 4.1
Arcanobacterium 7 16.2

Bacillus set A 3 6

Bacillus set B 14 28

Bacillusset C 5 10

Arsenic 50 13.8 Bacillus set D 4 8
Bacillus firmus 8 16

Corynebacterium 8 16

Sporolactobacillus 3 6

Staphylococcus 4 8

Rhodococcus 1 2

3.4. MIC for bacterial resistant

The percentage of the isolates susceptible to various concentrations of the four heavy metal ions are
shownin Table 3

Table 3. MIC concentration for metals resistant bacteria

Metal concentration Number
3 4 6 8 9 10 11 12 | of strain

Metal

*5 13 6 4 - 2 7 - 37

Lead | 14y 35) (1) (11) ® (19
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Table 3. (Continued)

- - 9 10 3 3 1 3

Copper (Bl) (34 (10) (10 (3) (19 29

Metal concentration Number
15 25 35 45 55 6.5 7.5 |of strain

Metal

2 11 1 10 7 7 5
Cadmium| (5) (25) (2 (23) (16) (16) (12) | 43

Metal Metal concentration Number
20 30 40 50 60 70 80 90 |of strain

Arsenic 1 1 6 6 3 - 9 13 49
@ @ (1 12 (@7 (18) (28

*The numbers present the rate of MIC concentration for metal. The number
in parenthesis show the percentage of isolated bacteria
with the same MIC concentration.

3.5. Bacterial biomass

The effect of bacterial biomass in different soil samples was affected by the type and the
concentration of the metal and the type of microorganism [15]. In this research the results were obtained
based on r=0.05. The percentage of resistance for the 362 strain at standard levels of the four heavy metals
tested are presented in Table 4.

Table 4. Comparison of numbers and percentages of the bacteria resistant

. Number of .
Metal ion bacteria resistant Resistant (%)
Lead 180 49.7
Copper 157 43.3
Cadmium 193 53.3
Arsenic 231 63.8

3.6. MMR pattern for resistant bacteria

Multi metal resistance (MMR) and individual resistance patterns are shown in Table 5.

Table 5. Phenotype pattern with resistance to several metalsin the isolated bacteria

Type of |solates with different )
. Isolates . . Resistance pattern
multiple multiple resistance
. No % Po Cu Cd As
resistance No % %R
TetraaR | 47 12.98 - - - + o+ + +
13 1428 359 | + -
Tri-R 91 25.13 19 2087 524 |+ - +
30 3296 828 |+ - +
29 3186 8.01]- + +
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Table 5. (Continued)

14 1261 38 |+ + - -

15 1351 414 |+ - + -
Double-R | 111 30.66 | 25 2252 690 | + - -+

10 9 276 |- + + -

14 1261 3.86

33 2972 911 |- - +

17 2179 469 | + - - -
Mono-R | 78 2154 |11 141 303 |- + - -

16 2051 414 | - -+ -

34  43.58 939 |- - - +

4. DISCUSSION

4.1. Physicochemical indexes of soil

Physical and chemical properties of soil have a partia effect on the resistance of the microorganisms.
Since the resistance of the microorganisms would be affected by the variation of pH and the pH of these
soil samples were about neutral, there would be little effect on bacteria resistance. Salt concentration,
electrical conductance and resistivity of soil also had no significant effect on bacterial resistance [6, 7, 16].
Some researches showed the concentration of metals in the lower parts was greater than that of upper parts
due to the capabilities of clay particlesto uptake metals and travel by river water in suspension [3].

4.2. Metal resistance in bacteria

According to statistical analysis (the t-test and P=0.05), for the resistance percentage of microbes to
lead, there was a great difference between the first group (agricultural soils) and the second group (non
agricultural soils), while there was little difference between the first and third group. Table 1 shows the
average percent of resistance bacteria for each group. The average population of resistant bacteria in 2
mM lead in the soil of the first group was 47%, and in the second group 22%. The average in the third
group was 31%. The high percentage of resistance in the first group was not only due to the presence of
lead in some soils but was also due to the drainage of the Zayanderood river water which affected the
increase in the resistant bacteria population. The effect of the river water on the soils of the Zayanderood
river bank is completely clear.

Concerning microbial resistance to copper, there was a meaningful difference between the first and
the second group, while no significant difference between the second and the third group, and also
between the first and the third group was found. The average bacteria resistant to cadmium showed a
significant difference between the first and the second group, and this problem was also observed between
the second and the third group, however no difference was observed between the first and the third group.

Several agents such as fertilizers, pesticides and discharge of wastewater from different industrial
sources into the Zayanderood river and its surrounding area was one of the most important factors in the
cadmium concentration increase in the area and in bacterial resistance.

Regarding resistance to arsenic, there was a difference between the first and the second group, but
there was no difference between the first and the third group. However, significant differences were seen
between the first and the second group. In addition, the percentage of resistant bacteriain the first and the
third group was more than that in the soil of the second group. Further, the highest percentage of resistant
bacteria population for the four metals was related to cadmium and then arsenic, and this problem was not
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only due to the environmental condition, but it could also be due to the role of the genetic structure of the
microorganism. Different factors (plasmids, stress proteins, membrane pumps...) were effective in these
conditions [12, 16].

4.3. | dentification of resistant bacteria

The abundance of bacillus was possibly due to the spore structure in the bacilli group, which
increases its power of uptake and resistance against the metals. However, among the bacteria resistant to
cadmium, the abundance of Lactobacillus was significant and this problem was to some extent due to
membrane structure and membrane pumps [17]. According to Table 2, the diversity of resistant types
among the bacteria resistant to cadmium and arsenic was more than that of lead and copper. In the bacteria
resistant to arsenic, a relative equivalence was observed in the resistance percentage among the different

types.
4.4. Results of MIC of the metalsin three soil groups

According to statistical data, the MIC of the bacteria resistant to lead, between the first and second
groups and the first and the third groups revealed a meaningful difference, while there was little difference
between the second and the third group. The average MIC in the bacteria resistant to lead in the first group
was 7 mM and 5.3 mM in the second group and 5 mM in the third group. The high level of MIC in the
first group was possibly due to the existence of lead in some of the soils of the first group which has
caused not only the increase in population of resistant bacteria, but also increased their resistance.
According to Table 3, in 60% of the bacteria resistant to lead, the MIC was between 4-8 mM, while
according to Sabry et al., [8] research on the estuaries in the Alexandria region in Egypt, the highest level
of lead resistance was 2.5-5 mM and 98% of the bacteria were sensitive to this concentration range. In the
research conducted by Choundhury and Kumar [10] made on water samples, MIC was 10 mM. According
to Roane and Kellogg [7] the level of resistance to lead in the soil samples was between 2.5 and 5.6 mM.
The MIC of the bacteriaresistant to copper revealed little difference between the three soil groups.

The average MIC in the first group was 8.3 mM, in the second group 7 mM, and in the third group
7.8 mM. According to Table 3, 60% of the resistant bacteria had their MIC in the concentration range of
6-8 mM. According to Sabry et a., [8] the level of copper resistance was reported to be 2.5 mM. In
another study it has been reported that copper MIC for Escherichia coli was 10 mM, for Vibrio cholera 5
mM and for Pseudomonas 7 mM [7]. Thus, according to the obtained results it could be concluded that,
the resistance power in the isolated bacteria was more than in previous studies. This problem may be due
to environmental conditions or the type of bacteria. The level of MIC for cadmium revealed little
difference between the three groups.

The average MIC in the first group was 4.5 mM, in the second group 4.9 mM and in the third group
3.8 mM. Table 3 shows that the concentration range of 4.5-6.5 mM includes more than half of the cases.
According to Mullen et al., [5] research at this level was in the range of 2-2.5 mM and according to
another study it was 10 mM for E.coli, 10 mM for V.cholera, and 3 mM for Pseudomonas [10]. According
to Javadi and Kargaran's research [4], the level of cadmium MIC was 0.5-1.2 mM. From the results of this
study it is clear that the isolated bacteria have a higher tolerance with respect to the bacteria isolated by
other researches. The average MIC of the arsenic revealed little difference between the three soil groups.
The average arsenic tolerance in the first group was 66 mM, in the second group 68mM, and in the third
group 65 mM. About 70 % of MIC has been in the range of 60-90 mM, while in the research it was 20mM
[8]. Thus, the high level of MIC was probably due to the genetic structure of the bacteria or the
environmenta factors.
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4.5, Effect of biomass on microbial uptake of metals

The results indicated that the microbial biomass effects on lead uptake were in the form of negative
dependence and were meaningful. Thus it could be concluded that, in the bacterial presence of lead, the
level of receipt is decreased as the biomass level increases. This was aso true for copper, while the
microbial biomass concentration has had little effect on the level of cadmium and arsenic receipt. The
above results were different from other studies conducted on chrome uptake [16], as in that study the level
of chrome uptake increased with the increase in cellular mass, which was possibly due to an increase in
cellular connection sites and more metal contact to the cell. However, the uptake of metals is in different
forms. For example the cytoplasmic precipitation of silver. According to some studies, when the biomass
weight increased more than 30-35mgl™ the uptake level decreased [12]. This could be due to the viscosity
of the céllular suspension increase that inhibits the uptake or mixing of the meta in the cell [13].
According to some researches the increase in biomass resulted in a decrease in the uptake level [15]. The
effect of lead and copper on Arthrobacter was reviewed by Veglio et a., [15]. It was found that the
highest level of uptake was with the lowest level of biomass and this problem could be due to interference
between metal connection sites. According to another research, the increase in cellular biomass was
effective in the cellular uptake and its effect was positive. Overall, not only the microbial biomass, but
also the biomass age is important for the level of uptake [18].

4.6. Results of microbial uptake of metals based on bacteria types

For determining the most common bacteria types results show that, the resistant bacteria to lead,
bacilli, were the main resistant types and their average metal uptake was more than 90%.

Thus, it could be concluded that the bacilli had a great capacity for lead uptake. Among the bacteria
resistant to copper, the bacilli are also the main group, with an average uptake higher than 90%. Among
the bacteria resistant to cadmium, the bacilli had also an uptake average higher than 90%, however the
uptake rate in other types such as Sporolactobacillus was considerable. The uptake level of arsenic was
lower than that of other metals and it has absorbed 34% of the metal. Also, in this group the bacilli were
the dominant type, but other types such as Staphylococcus and Corynebacterium were also considerable.
The results of this study indicated that the highest level of uptake was related to the microorganisms
resistant to lead, while the lowest uptake level was related to arsenic retention in the microorganisms
resistant to arsenic. The low level of uptake for arsenic was possibly due to the membrane pumps that
cause metal to be desorbed from bacteria.

4.7. Evaluating the multi resistant bacteria

Among the 362 isolated bacteria, based on the number and percentage of metal resistances, the
highest level of resistance was related to arsenic (63.8%) and the lowest to copper (43.3%).

This problem may be due to the microbe structure or concentration of the solutions. The number and
the percentage of bacteriaresistant to metals are shown in Table 4.

4.8. Evaluating the multi bacterial resistancesto metals

According to the results obtained from the determination of bacterial resistance to other metals, it was
found that among 362 resistant bacteria, 47 showed resistance to all of the four metals, which was 12.98%
of the total resistant bacteria. 91 bacteria showed resistance to three metals, or 25.13% of the total resistant
bacteria.

Resistant types are shown in Table 5. In three aspects of resistances, the highest resistance percentage
was concurrently related to lead, cadmium and arsenic.
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This pattern of resistance forms 8.28% of the total resistant bacteria, while 111 bacteria had,

concurrently, two resistance metals which was 30.66% of the total isolated resistant bacteria. The highest
pattern of resistance in this phenotype was related to the concurrent resistance to arsenic and cadmium,
which included 9.11% of the total 362 isolated bacteria. In the phenotype of one meta resistance with 78
cases includes 21.54% of the total cases, with the resistance to arsenic being the highest case. Considering
the resistant pattern, the resistance to arsenic is considerably greater than other metals which was due to
the cytoplasmic pumps of the bacteria which discharge metals.

10.

11.

12.

13.
14.

15.

16.

17.

REFERENCES

Vahid-dastgerdi, M., Shahmansori, M. R. & Shanbehzadeh, S. (2000). Review for accumulation of solid
particles in the lower parts and upper parts of Zayanderood River. 3" Iranian Congress of Environmental
Health, 1-3 November, Kerman, Iran.

Vahid-dastgerdi, M., Shanbehzadeh, S. & Zahabzadeh, A. (2006). Investigation of heavy metal concentration in
water, soil and plant in Gavkhoni Talab and their ecologic effects. Quarterly Hygiene and Health, 1, 1-6.

De Mora, S., Sheikholesami, M. R., Wyse, E., Azemard, S. & Cassi, R. (2004). An assessment of metal
contamination in coastal sediments of the Caspian Sea. Marine pollution Bulltin, 48(1-2), 61-77.

Javadi, A. & Kargaran, H. (1997). Determination amount of cadmium concentration in related to fish-waste
water sedimentation and plants was irrigated of Zayanderood River, Faculty of Drug and drug Sciences of
Isfahan. Journal of Research University, 7, 75-88.

Mullen, M. D., Walf, D. C., Ferris, F. C., Beveridge, T. J., Flemming, C. A. & Baily, G. W. (1989). Bacterial
sorption of heavy metals. Appl. Environ. Micraobiol, 55, 3143-3149.

Pumpel, T., Pernfub, B., Pigher, B., Diels, L. & Schinner, F. (1995). A rapid screening method for the isolation
of metal-accumulating microorganisms. J. Indust Microbiol, 14, 213-217.

Roane, T. M. & Kellogg, S. T. (1995) .Characterization of bacterial communities in heavy meta contaminated
soils. Can. J. Microbiol, 42, 593-603.

Sabry, S. A., Ghozlan, H. A. & Abou-zeid, D. M. (1997). Metal tolerance and antibiotic resistance patterns of a
bacterial population isolated from seawater. J. Appl Microbiol, 82, 245-252.

Olukoya, D. K., Smith, S. I. & llori, M. O. (1997). Isolation and characterization of heavy metals resistant
bacteria from Lagos lagon. Folia Microbiologia, 42, 441-444.

Choundhury, P. & Kumar, R. (1996). Association of metal tolerance with multiple antibiotic resistances of
enteropathogenic organisms isolated from coastal region of deltatic sunderbans. Ind. J. Med. Resear, 104, 148-
151.

Burke, B. E., Wing Tsang, K. & Pfister, R. M. (1991). Cadmium sorption by bacteria and fresh water sediment.
J. Indusl Microbiol, 8, 201-208.

Beveridge, T. J. & Murray, R. G. E. (1980). Site of metal deposition in the cell wall of Bacillus subtilis. J. of
Bacteriology, 141, 876-887.

Hughes, M. N. & Poole, R. K. (1989). Metal and microorganisms. London, New Y ork, Chapman and Hall.
Sabine, P. K. & Pfister, R. M. (1990). Accumulation of cadmium by immobilized Zooglea ramigera 115. J.
Indus Microbiol, 6, 123-128.

Veglio, F., Beolchini, F. & Gasbarro, A. (1997). Biosorption of toxic metals: An equilibrium study using free
cells of Arthrobacter sp. Proce Biochem, 32, 99-105.

Traxler, R. W. & Wood, E. M. (1990). Bioaccumulation of metals by coryne form SL-1. J. Indust. Microbial, 6,
249-252.

Young, Y. & Silver, S. (1995). Bacterid resistance mechanisms for heavy metas. J. Indust. Microbiol, 14, 61-
75.

Winter 2007 Iranian Journal of Science & Technology, Trans. A, Volume 31, Number Al



16 R. Kasra Kermanshahi / et al.

18. Fourest, E. & Roux, J. C. (1992). Heavy metal biosorption by fungal mycelia by-products: mechanism and
influence of pH. Appl. Microbiol. Biotech, 7, 399-403.

Iranian Journal of Science & Technology, Trans. A, Volume 31, Number Al Winter 2007



